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Cullin-RING ubiquitin ligase complexes (CRLs) rely on a vast array of adaptor proteins to recognize
their substrates. Pierce et al. and related papers from Zemla et al. and Wu et al. in Nature
Communications show that Cand1 promotes exchange of adaptor proteins to regulate the CRL
repertoire.At some point during the lifetime of a
cell, virtually all of its proteins have had
direct contact with the small protein
ubiquitin (Grabbe et al., 2011). Some
become temporarily modified as a
signaling event. Most of them experience
it during their last minutes as a destruc-
tion signal preceding their degradation.
This vast array of targets requires a
very versatile cellular system of ubiquitin
ligases that attach ubiquitin specifically
to the intended proteins. The largest
group of this enzyme class is the
modular cullin-RING ubiquitin ligases
(CRLs) with their hundreds of different
substrate receptors (Petroski and De-
shaies, 2005). However, it is largely un-
known how cells adapt their huge reper-
toire of CRLs to immediate needs for a
specific ligase. There have been reports
that substrates can activate their specific
ligase, but how the substrate adaptor is
integrated into a ligase is not known.Now, in this issue of Cell, Pierce et al.
(2013), together with works by Wu et al.
(2013) and Zemla et al. (2013), shed light
on how cells can make use of substrate
receptors.
All three studies focus on the best-un-
derstood CRL, the SCF (Skp1, cullin,
and F box) complex, comprised of the
scaffold Cul1 and one of a family of adap-
tors, the F box proteins (FBPs, Figure 1A).
Like all CRLs, SCF complexes become
activated with the attachment of Nedd8
in a process called neddylation (Duda
et al., 2008). One other regulator crucial
for SCF activity is Cand1. Genetic studies
in various organisms have clearly shown
that Cand1 functions as an activator of
CRLs (e.g., Bosu et al., 2010). However,
in vitro evidence pointed toward an inhib-
itory role of Cand1 on CRLs (Liu et al.,
2002). The crystal structure of Cand1
bound to Cul1 especially emphasized
its negative impact on CRL assemblywhereby Cand1 blocks both the FBP-
binding site and the neddylation site
(Goldenberg et al., 2004).
To better understand the relationship
between Cand1, the FBPs, and Cul1,
Raymond Deshaies and colleagues apply
FRET-based real-time assays to measure
the association and disassociation ki-
netics of Cand1 and FBPs with Cul1.
They confirm previous reports that the
FBP, in complex with the small adaptor
Skp1, binds tightly to Cul1 and that the
addition of Cand1 displaces the FBP/
Skp1-dimer (Figures 1B–1D). By mea-
suring the kinetics of this disassembly
they show that Cand1 drastically acceler-
ates the dissociation of FBPs from Cul1.
Importantly, the effect of Cand1 is limited
to the disassembly; the kinetics of
the SCF complex assembly remained un-
changed. Intriguingly, the same effect of
FBP/Skp1 is detected for the Cand1-
Cul1 interaction: stably bound Cand1 is
Figure 1. Substrate Receptor Exchange Mediated by Cand1
(A–F) Cand1’s main function is to catalyze the exchange of substrate receptors of CRLs. For Cand1 to work efficiently, Nedd8 (N8) has to be removed from the
cullin (A and B). Cand1 then binds, generating a transient complex with both Cand1 and Skp1 (C). The competition for partially shared binding sites on Cul1
releases the F-Box-protein (FBP)/Skp1-dimer and allows a new substrate receptor to bind (D and E). This newCRL can then be activated again byNeddylation (F).
Substrate receptor features (such as expression level) influence which receptor will get integrated into a ligase, in contrast to the substrate availability regulating
the activation status of the CRL.easily removed from Cul1 by FBP/Skp1
(Figures 1D–1E).
These opposing findings lead the au-
thors to the hypothesis that Cand1 is
neither a competitive nor an allosteric in-
hibitor but that it acts as a novel type of
exchange factor. Such functionality is
known for guanine nucleotide exchange
factors (GEFs), which reactivate GTPases
by promoting the exchange of GDP for
GTP (Bos et al., 2007). Pierce et al.
(2013) propose that Cand1 does some-
thing similar, only for proteins instead of
nucleotides. As such, the main function
of Cand1 as a ‘‘substrate receptor ex-
change factor’’ (SREF) should be that it fa-
cilitates the exchange of FBPs. The au-
thors verify this hypothesis in vitro. In an
elegantly designed experiment, Cul1, pre-
loaded with an unrelated FBP, cannot use
another FBP for the ubiquitination of its
corresponding substrate. After addition
of Cand1, an FBP switch can take place,
and the substrate is ubiquitinated.
Besides addressing the molecular
function of Cand1, the authors also
analyze the in vivo consequences of
Cand1 on the large variety of SCF com-
plexes. Utilizing quantitative mass spec-
trometry experiments, the authors simul-
taneously detect the abundance of up to
34 different, immunopurified SCF com-
plexes. Upon depletion of Cand1, the
abundances of specific SCF complexes
are changed; some are up- and some
downregulated in comparison to controls.
This suggests that Cand1 generates anequilibrium of different SCF complexes
and without this Cand1 function newly
synthesized FBPs cannot engage the
SCF complexes efficiently.
Two other recent manuscripts study the
functionality of the yeast counterpart of
Cand1. One study directly analyzes the
FBP incorporation into the SCF complex
(Wu et al., 2013), whereas the other ana-
lyzes the adaptation of the SCF complex
to carbon source switching (Zemla et al.,
2013). Both conclude that yeast Cand1
also has the same exchange functionality
as in mammalian cells.
Recent reports found that substrate
availability induces the activation of
CRLs. Based on this, Pierce et al. propose
a model whereby two factors define the
CRL-adaptor repertoire (Figure 1). If a
CRL encounters a substrate, neddylation
is induced and the substrate adaptor is
fixed in place since Cand1 can no longer
properly bind. The CRL becomes dened-
dylated if all substrate is processed. If
Cand1 encounters this CRL, a transient
complex forms, with Cand1 and Skp1
competing for an overlapping binding
site. This results in the release of the
FBP and consequently the exchange of
the adaptor. Such a model suggests that
both the substrate availability and the
adaptor itself, with its expression level,
its turnover rate, and its modification state
and localization, define the CRL land-
scape.
As Cand1 has been reported to bind to
other cullins besides Cul1, Cand1 mightCell 1act as a general SREF for all CRLs. Espe-
cially for cullin 4-based ligases (CRL4s) it
will be interesting to analyze the impact
of Cand1.CRL4s bind the substrate adap-
tors only indirectly via the large linker pro-
tein Ddb1, leaving the question: Is there
also an exchange factor for adaptors on
Ddb1? For the Cul1-FBP interaction there
might even be an additional SREF, as one
FBP, Fbxw2, is largely insensitive to
Cand1 function (Pierce et al., 2013). But
also the direct regulation of Cand1 func-
tion at the CRL by posttranslational modi-
fications seems possible.
Perhaps there are also other pro-
cesses which require an SREF function to
generate a balance between similar bind-
ing partners on a scaffold. A detailed anal-
ysis of the binding kinetics of factors with
overlapping binding sites could expand
this newgroupof protein exchange factors
to a wide variety of processes, from DNA
replication to transcription to vesicle traf-
ficking. A lot to find out..
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